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ABSTRACT 

A l t e r n a t i v e s  t o  t h e  A A P  b a s e l i n e  C l u s t e r  M i s s i o n  
f o r  t h e  ATM a r e  p o s s i b l e .  The c o n f i g u r a t i o n  docks t h e  
CM-SM t o  t h e  LM-ATM. 

A work p l a n  t o  

1. deve lop  t h e  p r o p e r t i e s  of  t h e  A l t e r n a t e  
Miss ion ,  and 

2 .  d e t e r m i n e  t h e  backup m i s s i o n  c a p a b i l i t y  
u s i n g  t h e  pr ime hardware 

i s  p r e s e n t e d .  

P a r a m e t r i c  d a t a  on a t t a i n a b l e  o r b i t a l  a l t i t i d e s  f o r  

For t h e s e  o r b i t s ,  t o t a l  s o l a r  v i ewing  and 
14, 2 8  and 56 day m i s s i o n s  a t  2 8  1 / 2 O ,  50° and 6 3 . 5 O  i n c l i n a t i o n  
w i l l  b e  deve loped .  
c o n t i n u o u s  s o l a r  v i ewing  t imes  w i l l  b e  g e n e r a t e d .  

f o r  j u d g i n g  r e l a t i v e  s c i e n t i f i c  y i e l d  f o r  m i s s i o n  a l t e r n a t i v e s  
i s  p l a n n e d .  

Cont inued  e f f o r t  t o  e s t a b l i s h  a consensus  on c r i t e r i a  

I" 
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

C u r r e n t  p l a n s  f o r  t h e  A A P  s o l a r  as t ronomy m i s s i o n  dock 
t h e  LM-ATM and CM-SM t o  t h e  O r b i t a l  Workshop i n  a c l u s t e r e d  
c o n f i g u r a t i o n .  A l t e r n a t i v e s  t o  t h e  p r imary  m i s s i o n  e x i s t  i n  
which t h e  CM-SM and LM-ATM a r e  f lown i n d e p e n d e n t l y  of t h e  Work- 
shop .  Freedom from Workshop o r b i t a l  a l t i t u d e  and i n c l i n a t i o n  
c o n s t r a i n t s  and  l aunch  time c o n s t r a i n t s  have  s u g g e s t e d  t h e  p o s s i -  
b i l i t y  t h a t  t h e  A l t e r n a t e  Miss ion  concep t  may b e  op t imized  t o  
a c h i e v e  a g r e a t e r  s c i e n t i f i c  y i e l d  t h a n  t h e  C l u s t e r  M i s s i o n .  It  
i s  proposed  h e r e  t h a t  t h e  m e r i t s  o f  t h i s  o p t i o n  b e  d e v e l o p e d .  An 
o u t l i n e  o f  a proposed  work p l a n  i s  p r e s e n t e d .  A p r e l i m i n a r y  v e r -  
s i o n  of t h e  p l a n  was d i s c u s s e d  w i t h  a s t r o n a u t  0 .  K .  Garr iot t /MSC, 
H .  Glaser/SG and D .  L .  Forsythe/MLA a t  NASA H e a d q u a r t e r s  May 31, 
1 9 6 8 .  

Miss ions  i n  which t h e  CM-SM and LM-ATM a re  n o t  docked 
t o  t h e  Workshop a r e  c a l l e d  decoupled  m i s s i o n s .  A l t e r n a t e  M i s s i o n s  
a r e  a r e s t r i c t e d  c l a s s  of  decoupled  m i s s i o n s  i n  which t h e  d e c i s i o n  
n o t  t o  u s e  t h e  Workshop i s  made p r i o r  t o  t h e  launch  o f  b o t h  t h e  
CM-SM and t h e  LM-ATM. 
decoup led  i s  made subsequen t  t o  t h e  launch  o f  e i t h e r  t h e  CM-SM or 
LM-ATM a r e  known as Contingency M i s s i o n s .  T h i s  memorandum and 
t h e  proposed  s t u d y  a re  l i m i t e d  t o  A l t e r n a t e  M i s s i o n s .  

Miss ions  i n  which t h e  d e c i s i o n  t o  f l y  

The s t u d y  i s  t o  s e r v e  two s e p a r a t e  b u t  r e l a t e d  p u r p o s e s .  
It w i l l  

1. deve lop  t h e  p r o p e r t i e s  of t h e  A l t e r n a t e  
Miss ions ,  and 

2 .  de t e rmine  t h e  a b i l i t y  of t h e  sys tem t o  
f l y  a backup m i s s i o n  u s i n g  t h e  pr ime 
hardware  i n  t h e  e v e n t  t h e  C l u s t e r  
Miss ion  cannot  b e  f lown.  

It i s  n o t  obvious t h a t  t h e s e  two o b j e c t i v e s  can  b e  s e r v e d  
b y  a s i n g l e  s t u d y .  
t o  choose  between t h e  C l u s t e r  and A l t e r n a t e  Miss ion  i n  o r d e r  t o  
o p t  i m i  ze  . 

From a p u r e l y  l o g i c a l  s t a n d p o i n t ,  i t  i s  n e c e s s a r y  
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P r e l i m i n a r y  a n a l y s i s  i n d i c a t e s  t h a t  t h e  s y s t e m  
r e q u i r e m e n t s ,  p a r t i c u l a r l y  for LM-A, do n o t  d i f f e r  g r e a t l y  
f o r  t h e  A l t e r n a t e  and  C l u s t e r  M i s s i o n s .  The w e i g h t  p e n a l t i e s  
for m a i n t a i n i n g  LM-A p r o p u l s i o n  c a p a b i l i t y  a re  n o t  s e v e r e .  The 
a b i l i t y  of t h e  LM-A s t r u c u t r e  t o  s u p p o r t  a n  SPS t h r u s t i n g  maneu- 
v e r  i n  t h e  docked CSM/LM-ATM c o n f i g u r a t i o n  i s  emerging  as a 
b a s e l i n e  r e q u i r e m e n t .  

Dixon F o r s y t h e  urged  t h a t  t h e  s t u d y  t r e a t  t h e  C l u s t e r  
M i s s i o n  as p r i m a r y .  S i n c e  t h e  p e n a l t i e s  for t h e  A l t e r n a t e  
M i s s i o n  a s s o c i a t e d  w i t h  making t h e  C l u s t e r  M i s s i o n  pr ime are 
n o t  l a r g e ,  M r .  F o r s y t h e ' s  recommendat ion was a c c e p t e d .  

ASSUMPTIONS AND CONDITIONS 

1. S a t u r n  I - B  l aunch  s y s t e m  w i l l  b e  u s e d .  

2 .  M i s s i o n  D u r a t i o n .  Three  c a s e s  w i l l  b e  
s t u d i e d  - 1 4  days;  2 8  d a y s ;  56 d a y s .  

3.  A A P  S t a n d a r d  CM-SM. 

a .  Average Power L e v e l  of 2 . 8  K W .  

b .  ATM S o l a r  Array w i l l  p r o v i d e  1 KW 
a v e r a g e  e l e c t r i c a l  power t o  t h e  
CM-SM. The f u e l  c e l l s  d e l i v e r  
1 . 8  K W .  

c .  Weight - I n c l u d i n g  c r o g e n s  and  1 0  
days  s u p p l y  of L i O H .  

1 4  days 24,900 l b s .  
2 8  days 2 6 , 3 5 0  l b s .  
56 days 2 8 , 7 9 4  l b s .  

These w e i g h t s  do n o t  i n c l u d e :  

Useab le  SPS.  
RCS q u a n t i t i e s  e x c e p t  for 
1 0  lb s /day  f o r  d e s a t u r a t i o n .  
RCS t a n k  c a p a c i t y  i s  3670 l b s  
t o t a l .  
SLA - 3815 l b s .  

The CM-SM w e i g h t s  for 1 4  and 28 day 
m i s s i o n s  r e f l e c t  t h e  s a v i n g s  i n  
c r y o g e n i c  t a n k a g e  p o s s i b l e  for t h e  
r e d u c e d  m i s s i o n  d u r a t i o n .  A two 
g a s  a tmosphere  i s  r e t a i n e d .  
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4 .  LM-ATM 

a .  LM-A B a s e l i n e .  

b .  P r i m a r y  B a t t e r y  C a p a c i t y  - R e t a i n  LM-A 
PRR c o n f i g u r a t i o n ,  30 kwhr. 

Assume f o u r  days o f  LM-ATM l i f e  f rom 
l a u n c h  t o  dock ing  o f  CM-SM. 

e .  Launch V e h i c l e  must  a l s o  o r b i t :  

SLA - 1380 l b s .  
LV M o d i f i c a t i o n s  - 750 l b s .  

d .  Weight - I n c l u d e s  L i O H  for d u r a t i o n  o v e r  
1 0  d a y s .  

1 4  days 2 5 , 7 0 0  lbs. 
28 days 2 5 , 8 0 0  lbs. 
56 days 2 6 , 1 0 0  l b s .  

RCS p r o p e l l a n t  i s  n o t  i n c l u d e d .  

5 .  M i s s i o n  Modes 

Maximum per formance  i s  d e s i r e d .  

S p a c e c r a f t  p r o p u l s i o n  maneuvers  a re  
n e c e s s a r y .  

LM-ATM l aunch  i s  f i r s t .  

No S o l a r  A r r a y  Deployment p r i o r  
t o  CM-SM docking .  

2 1 / 2  s t a g e s  t o  o r b i t *  

Two Cases: 

a .  CM-SM/LM-ATM rendezvous  i n  
r e l a t i v e l y  low a l t i t u d e  o r b i t .  
SM SPS i s  used  e i t h e r  once or 
t w i c e  i n  a Hohmann maneuver t o  
o b t a i n  t h e  f i n a l  e l l i p t i c a l  or 
c i r c u l a r  o r b i t .  

* T h i s  u n u s u a l  d e s i g n a t i o n  h a s  been  
a p p l i e d  t o  a n  SPS b u r n  of t h e  SM 
d u r i n g  t h e  l aunch  p h a s e .  S-IVB does  
n o t  o r b i t  i n  t h i s  mode. 
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b .  LM-A RCS i s  u s e d  i n  s i n g l e  or 
doub le  b u r n  i n  c o n j u n c t i o n  w i t h  
c o r r e s p o n d i n g  b u t  separate  SPS 
b u r n s  t o  o b t a i n  f i n a l  o r b i t .  
Rendezvous i s  i n  t h e  f i n a l  o r b i t .  

D e o r b i t  i s  w i t h  t h e  SPS. Backup d e o r b i t  
u s e s  a n  SM RCS b u r n  a t  apogee .  

Two c a s e s  a r e  des i r ed :  

a .  log  l i m i t  

b .  l o w  g l i m i t .  

WORK OUTLINE 

1. Performance  

a .  F e a s i b l e  Miss ions  f o r  s p e c i f i e d  p a y l o a d s  
and  d u r a t i o n .  

b .  Impact  d a t a  for S-I  and S-IVB s t ages .  

c .  Abor t  d e l a y  t i m e  for e l l i p t i c a l  c a s e s .  

d .  Landing P o i n t  da ta  f o r  backup d e o r b i t .  

2 .  S o l a r  Viewing 

F o r  feas ib le  m i s s i o n s  : 

a .  T o t a l  S o l a r  Viewing T i m e  as f u n c t i o n  of 
da t e  and t i m e  of l a u n c h  and l o c a t i o n  o f  
apogee .  

b .  Maximum c o n t i n u o u s  v i ewing  t i m e  as a 
f u n c t i o n  of da te  and t i m e  o f  l aunch  
and  l o c a t i o n  o f  apogee .  

Atmospher ic  Height  - 1 5 0  km. C o n s i d e r a t i o n  
w i l l  b e  g i v e n  t o  t h e  s p e c i a l  r e q u i r e m e n t s  o f  
t he  coronograph  expe r imen t  w i t h  r e s p e c t  t o  
l o o k  a n g l e s  above t h e  h o r i z o n  t o  a c h i e v e  
a d e q u a t e l y  low background.  

3. Guidance and C o n t r o l  

a .  P r e l i m i n a r y  a s s e s s m e n t  o f  a b i l i t y  o f  
S-IVB t o  s u p p o r t  yaw maneuvers .  
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b .  P r e l i m i n a r y  a s ses smen t  o f  impact  o f  
a b i l i t y  o f  CM-SM t o  s u p p o r t  SPS b u r n  
docked t o  LM-A. 

c .  P r e l i m i n a r y  a s ses smen t  o f  t h e  a b i l i t y  
of CM-SM and LM-A sys tems t o  s u p p o r t  
rendezvous  and docking  r e q u i r e m e n t s .  

4 .  A t t i t u d e  C o n t r o l  

CMG d e s a t u r a t i o n  f u e l  r e q u i r e m e n t s .  

Frequency of d e s a t u r a t i o n  o p e r a t i o n s .  

P r e l i m i n a r y  a s ses smen t  of  a b i l i t y  o f  
p o i n t i n g  c o n t r o l  sys t em t o  meet 
accu racy  r e q u i r e m e n t s .  

5 .  Computer Systems 

a .  Impact  on MCC-H and KSC computer  
sys t ems  hardware and s o f t w a r e .  

b .  Impact  on Launch V e h i c l e  D i g i t a l  
Computer, Command Module Computer, 
and LM Guidance Computer hardware 
and s o f t w a r e .  

6 .  Communications and Track ing  

a .  Coverage f o r  f e a s i b l e  m i s s i o n s .  

b .  Coverage d u r i n g  p r o p u l s i v e  maneuvers .  

7 .  R a d i a t i o n  

Dose c a l c u l a t i o n s  f o r  f e a s i b l e  
m i s s i o n s  f o r  

Man 
F i l m  

8 .  Meteoro id  Environment 

R e l i a b i l i t y  d e t e r m i n a t i o n  f o r  CM, SM 
and LM-A. 
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9 .  E l e c t r i c a l  Power 

E l e c t r i c a l  power which can  b e  s u p p l i e d  t o  
CM-SM f o r  s e l e c t e d  o r b i t s .  The maximum 
r e q u i r e m e n t  i s  1 . 6  KW i f  f u e l  c e l l s  are  
m a i n t a i n e d  a t  water making l e v e l  ( 1 . 2  K W ) .  
I f  i t  appea r s  d e s i r a b l e ,  t h e  da t a  deve loped  
under  (1) and ( 2 )  i n  t h i s  s e c t i o n  can  b e  
op t imized  u s i n g  t h e  lower  c r y o  l o a d i n g s  
a s s o c i a t e d  w i t h  t h e  1 . 2  KW CSM f u e l  c e l l  
l e v e l .  

1 0 .  S t r u c t u r e  

LM-A m o d i f i c a t i o n s  t o  s u p p o r t  t h e  SPS 
t h r u s t i n g  maneuver. 

Impact of  SM 
ATM d e s i g n .  

p r o p u l s i v e  maneuver on 

Impact of S-IVB yaw maneuver on ATM 
d e s i g n .  

11. ATM Experiments  

L ia son  w i t h  t h e  P r i n c i p a l  I n v e s t i g a t o r s ,  
NASA/SG, MSFC and o t h e r  c o g n i z a n t  e l e m e n t s  
o f  t h e  s c i e n t i f i c  community w i l l  be con- 
t i n u e d .  
e v a l u a t i n g  t h e  mer i t s  o f  m i s s i o n  a l t e r n a -  
t i v e s  w i l l  be i d e n t i f i e d .  

The c r i t e r i a  o f  i m p o r t a n c e  i n  

1 2 .  Schedule  

1022:GMA:ms 

Vu-graph p r e s e n t a t i o n  mater ia l  - J u l y  1 2 ,  
1 9 6 8 .  

F i n a l  W r i t t e n  Repor t  - J u l y  26 ,  1968. 

G .  M .  Anderson 


